Our work builds on the "local potential" or "generalized entropy-production" formulation of Prigogine and co-workers. ' In Sec. II we briefly review this work and construct a GEP integral for DMHD.
Computationally, the variational method here has convenient properties common to variational techniques, such as automatic inclusion of boundary conditions. It seems particular1y well suited to deal with nonlinearities introduced by field-dependent transport coefficients. The method is simple, straightforward to apply, and in our examples, explicitly incorporates time dependence and deals with the physical fields directly. For a detailed example of the application of a local potential different from the examples of this paper, see Ref. 9. A recent paper by Hameiri and Bhattacharjee' devel- ops similar entropy-production integrals for magnetic fields in a resistive medium. These authors confine their discussion, however, only to the magnetic field and also consider only the steady state. They argue in the examples they consider that the steady state is as much a state of minimum entropy production rate as it is a state of minimum magnetic energy, but that the principle of minimizing the rate of entropy production has a justifiable dynamical basis and interpretation that makes it preferable. In comparable situations and restricted to the steady state, our GEP integrals reduce to identical or very similar forms. However, in this work we consider explicitly entropy production due to temperature gradients and viscous dissipation.
Further, as developed here, minimizing a suitable generalized entropyproduction rate is a principle which guides the evolution of the system in time, rather than just defining the steady state.
In Sec. III we outline an explicit computation of a simplified model of a plasma in a reversed-field pinch (RFP) using the GEP formulation. The explicit computation illustrates the applicability of the method to general plasma problems. In this particular application, the method reduces numerically to a weighted Galerkin approximation. Many In what follows we let u (x,r) be the scaled radial velocity, where the radial variable x is scaled by the chamber radius and the time variable r is scaled by a resistive diffusion time~z. The magnetic field B and the temperature T are scaled by arbitrary factors B, and T" respectively. The mass density p is replaced by the particle density n and is scaled by a factor of n, (The sca. ling factors used in the numerical results to follow, are the same as those used in Ref. 9.) A scaling constant I( =4~n,, T, /B, serves to scale the magnetic variables to the thermal variables.
In the process described above for obtaining the diffusion velocity we must add an extra equation to our system for consistency and closure. To see how this arises, take the pressure as p(x, t)=Kn(x, t)T(x, t) and use the usual screw-pinch form' of Eq. (29) where X(r) = f 'nx dx -is proportional to the total number of particles in the plasma. Clearly, u (1,~) =0 implies N=O. This particle-conserving boundary condition is imposed for the results reported here, although a global energy conserving formulation has also been considered. Fixing the velocity at the wall to be zero also has the implication that the total kinetic energy in the system is constant. The boundary conditions on these fields are natural and satisfy Eqs. (11) and (15) The system was allowed to evolve for 20~". At this point
